A novel phytase from thermophilic Geobacillus sp. TF16 was purified approximately 5-fold using ammonium sulfate precipitation and ion exchange chromatography, and determined as a single band 106.04 kDa on sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Optimum temperature and optimum pH were found to be 85°C and 4.0, respectively. The enzyme is highly thermostable and V max and K m values were calculated as 526.28 U/mg and 1.31 mM, respectively. It was also found that the enzyme exhibited a broad substrate selectivity and resistance toward proteases and effectively hydrolyzed soymilk phytate. These results suggest that this study provides an alternative phytase enzyme with enhanced properties.
Introduction
Phytic acid (myo-inositol hexakiphosphate) is the major storage form of phosphorus and inositol in plant seeds such cereal grains, legumes, and oilseed. It is an organic form of phosphorus including 60-90% of the total phosphorus content and is commonly referred to as an anti-nutritional factor since it reduces food intake and nutrient utilization in animals and humans. [1] [2] [3] Phytase (myo-inositol hexakisphosphate phosphohydrolase, EC 3.1.3.8) catalyzes the hydrolysis of phytic acid to myo-inositol and phosphoric acid. This process enhances the nutritional quality of phytic acid-rich plant material in feed and food industries by increasing the bioavailability of inositol, phosphoric acid and minerals, for human and monogastric animals. [4] Therefore, phytase has been accepted as an animal feed or a food additive in the worldwide. [5] Although phytases are found in plants, animals, and microorganisms, [6] [7] [8] [9] research has shown that microbial phytases are the most promising candidate to produce phytases used for biotechnological applications on a commercial scale. [1, 3] A range of studies has showed that bacterial phytases are more advantageous than their fungal counterparts since they have a high thermal stability, wide pH profile, phytate substrate specificity, and proteolysis resistance [10] [11] [12] so that they have been used for industrial applications in food and feed processing. [5] This strongly suggests the importance of purification and characterization of new phytases. In this study, we aimed to determine a new phytase from a thermophilic microorganism, and we report a novel thermal and pH stable phytase enzyme which is resistant to proteolysis purified from Geobacillus sp. TF16. It is, therefore, expected that this novel phytase can be used as an alternative for other phytases. Furthermore, this is one of the first reports studying a phytase from Geobacillus species.
Material and methods

Chemicals
All chemicals used in the study were reagent grade and purchased from Sigma Chemical Co. (St. Louis, MO) and Merck Millipore (Darmstadt, FRG).
Bacterial strain, culture conditions, and preparation of the enzyme extract Geobacillus sp. TF16 was isolated from Germencik Ömerbeyli Jeotermal in Aydin City, Turkey. Bacterial strain was grown in an enzyme producing medium according to Powar and Jagannathan [13] with slight modifications and incubated at 55°C for 4 days. The medium contained 10% (w/v) white flour to induce the enzyme. Bacterial culture was separated by centrifuge (Hettich, Rotina 35 R model) at 20,000 rpm and 4°C for 20 min and supernatant was used as the crude enzyme extract.
Enzyme purification
Proteins in the crude extract were precipitated using ammonium sulfate. They were fractioned from the supernatant with the addition of ammonium sulfate until different saturation levels reached (10-90%). The obtained precipitates were pelleted by centrifugation at 20,000 rpm for 20 min at 4°C and resuspended in a 50 mM and pH 5.0 sodium acetate buffer. The suspension was desalted in a dialysis bag (MWCO 12,000 Da) using the same buffer and then loaded onto a DEAE-Sepharose Fast Flow ion-exchange column (2 × 30 cm). Proteins were eluted at 3.5 mL/min using a 50 mM and pH 5.0 sodium acetate buffer containing a linear NaCl-gradient with the concentrations between 0 and 1 M. The presence of proteins in collected fractions was monitored by measuring absorbance at 280 nm (ISCO, Retriever 500 model). Fractions were examined for phytase activities using sodium phytate as the substrate. Active fractions were pooled and concentrated via ultrafiltration (Ultracell Membrane 10,000 MWCO Millipore, Amicon, USA). Protein concentration was determined according to the Bradford method [14] with Coomassie Brillant Blue G-250 and bovine serum albumin was used as the standard. The values were obtained by graphic interpolation on a calibration curve at 595 nm. The protein purity was determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) analysis. SDS-PAGE was carried out as previously described by Laemmli. [15] Determination of phytase activity and substrate specificity Phytase activity was separately determined using a spectrophotometric assay with sodium phytate, 4-methylumbelliferil phosphate, glucose 6-phosphate, adenosine diphosphate (ADP), and adenosine triphosphate (ATP) as the substrates in pH 4.0 and 50 mM Mcilvaine buffer system. [16] The reaction mixture containing 150 µL of the purified enzyme and 450 µL of 5 mM substrate solution was incubated at 85°C for 30 min. The reaction was stopped by adding 600 µL of 15% (w/v) trichloroacetic acid (TCA). Then, 600 µL of the color reactive (6 N H 2 SO 4 ; 2.5% ammonium molybdate; 10% ascorbic acid; water in the ratio of 1:1:1:2, respectively) was added to the mixture and it was incubated at room temperature for 10 min. Enzyme activity was measured at 625 nm absorbance by spectrometer (Perkin Elmer, Lambda 25 model). A control reaction was carried out with the absence of the enzyme. The standard curve was drawn using 0.5-7.5 μg/mL of KH 2 PO 4 and used for the enzyme quantification assay. A unit (U) of phytase activity was defined as the amount of enzyme required to release 1 μM of inorganic phosphate (P i ) per minute under the assay condition. All the samples were assayed in independent triplicates.
pH Optimum and Stability
The activity of phytase as a function of pH was assayed at 55°C using sodium phytate as the substrate and 50 mM buffer systems; Glycine-HCl (pH 2.2), Mcilvaine (pH 3.0-7.0) or Glycine-NaOH (pH 8.0-9.0). The activity was expressed as a percent relative activity with respect to maximum activity (100%). The effect of pH on the enzyme stability was determined by incubating the enzyme at 4, 37, and 85°C for different incubation times in the buffer solutions of different pH values; Glycine-HCl (pH 2.2) and sodium acetate (pH 4.0, 6.0). After incubation, the phytase activity was assayed under the standard reaction conditions. Control treatments were performed without incubations at different buffer solutions for various times and these were included for each assay under standard conditions of enzyme activity assay. The percentage residual enzyme activity was calculated by comparison with non-incubated enzyme which is considered as the control (100%). [17] Temperature optimum and thermal stability Optimum temperature of the enzyme was determined at 50 mM, pH 4.0 Mcilvaine buffer by measuring the enzyme activity at different temperatures from 25 to 105°C with 10°C intervals and sodium phytate was used as the substrate. The activity was expressed as the percent relative activity in relation to the temperature optimum, which was considered as 100%. In order to determine the thermal stability of phytase, the enzyme solutions were separately incubated at 4, 37, and 85°C for different times. Then, phytase activity was assayed under standard reaction conditions. Control treatments were performed without incubations at different temperatures for various times and these were included for each assay under standard conditions of enzyme activity assay. The percentage residual enzyme activity was calculated by comparison with non-incubated enzyme which is considered as the control (100%). [17] Enzyme kinetics Kinetic parameters of phytase were obtained by measuring the rate of phytate hydrolysis at various substrate concentrations ranging from 0.08 to 3.3 mM in the standard reaction mixture (at 85°C and 50 mM, pH 4.0 Mcilvaine buffer). The Michaelis-Menten constant (K m ) and maximum velocity (V max ) values were determined from the Lineweaver-Burk plot using Microsoft Excel software.
Effect of some metal ions and chemicals on the enzyme activity
The effect of metal ions on the enzyme activity was separately investigated with the addition of chloride salts of Na + , K + , Li + , Mg 2+ , Mn 2+ , Zn 2+ , Co 2+ , Ca 2+ , Ni 2+ , Cu 2+ , Hg 2+ , Fe 2+/3+ , and Al 2+ directly to the standard reaction mixture in a final concentration of 1, 5, and 10 mM. Enzyme activity determined in the absence of metal ion was defined as 100%. To study the effect of some chemicals on the enzyme activity, ethanol, methanol, acetone, 2-propanol, SDS, Triton X-100, Triton X-114, Tween 20, and ethylenediaminetetraacetic acid (EDTA) were separately added to standard reaction mixture in the final concentrations of 1, 5, and 10%. The percentage residual activities were expressed by comparison with standard assay mixture without chemical. [17] 
Assay of proteolysis resistance
To measure the phytase resistance against trypsin and chymotrypsin, the purified enzyme (the final concentration was 0.1 mg/mL) was incubated with protease mix (the final concentration was 0.1 mg/mL; tryipsin-chymotryipsin; Sigma-Aldrich, Protease Type VIII; bacterial from Bacillus licheniformis) in 50 mM, pH 8.0 Tris-HCl buffer at the ratio of 1:1 (w/w) for 30, 60, and 90 min at 37°C. The residual phytase activity was assayed using the standard phytase assay. The percentage residual activities were expressed by comparison with standard assay mixture without protease. [18] Dephytinization of soymilk by the phytase The potential application of the purified phytase in the nutrition industry was assessed according to P i release from soymilk. Therefore, soybean seeds were soaked overnight in distilled water and ground in a mixer grinder. The slurry was filtered through double-layered muslin cloth and the particle-free liquid was used as soymilk. Soymilk was incubated with the purified enzyme (10 U/mL) at 85°C and 100 rpm. The samples were drawn at desired intervals, centrifuged, and analyzed with standard activity assay for inorganic phosphate released. To draw a standard calibration curve used for calculating phosphate released, K 2 HPO 4 between 0.5-5.0 mM was used as the substrate and standard assay was performed and percentage of phytate hydrolysis was calculated. [19] Results and discussion
In this study, a novel phytase from the thermophilic bacterium Geobacillus sp. TF16 was purified and characterized biochemically. Its resistance to proteolysis enzymes and the effect of dephytinization of soymilk were also investigated. The purified phytase shares some enzymatic properties in common with other phytases, but it shows some differences to phytases of other bacterial species suggesting that this study provides an alternative phytase enzyme with enhanced properties.
Production of Geobacillus sp. TF16 phytase
The maximum phytase activity was found at 96 h after Geobacillus sp. TF16 was cultured in phytaseproducing medium containing white flour. After centrifugation of culture broth, supernatant was used as the crude extract for phytase purification.
Purification and properties of the enzyme
The phytase obtained from Geobacillus sp. TF16 was purified using ammonium sulfate precipitation and DEAE-Sepharose ion exchange chromatography ( Table 1 ). The enzyme was purified approximately 5-fold from the crude extract with 3.13% yield. The purified phytase exhibits a high specific activity of 1080 U/mg protein (Table 1) . Phytase enzymes were purified 77-, 71.5-, and 25-fold from Bacillus sp. DS11, [20] Aspergillus ficuum NTG-23 [18] and Aspergillus niger ATCC 9142 [21] with the specific activities 20, 105, and 90 U/mg, respectively.
SDS-PAGE analysis of the purified phytase showed a single band with a subunit molecular mass of 106.04 kDa as shown in Fig. 1 . The molecular masses of phytases purified from Klebsiella pneumoniae 9-3B, Bacillus sp. DS11, Lactobacillus sanfranciscensis CB1 and were found 45, 44, and 50 kDa, respectively. [1, 20, 22] Other Bacillus species and Escherichia coli phytases were shown to have the molecular masses of 36-38 kDa and 42 kDa, respectively. [8, 13, 23] These suggest that the molecular mass of subunit of Geobacillus sp. TF16 phytase was 2-fold more than bacterial phytases. Our finding is also interesting since the detected molecular mass is closer to its fungal counterparts not to bacterial ones. For instance, the well-known Aspergillus phytases had larger molecular masses; 214 kDa for Aspergillus terrus, 85-100 kDa for A. ficuum, and 200 kDa for A. niger. [24] [25] [26] 
Determination of substrate specificity
Phytase activity was assayed by five substrates; (1) sodium phytate, (2) 4-methylumbelliferil phosphate, (3) glucose 6-phosphate, (4) ADP, or (5) ATP. The highest activity was observed in the presence of 4-methylumbelliferil phosphate, but relative activity was found 48.7% in the presence of sodium phytate ( Table 2) . Similar results were obtained from Bacillus subtilis N-77, A. ficuum NTG-23 and L. sanfranciscensis CB1 phytases. [8, 18, 22] K. pneumoniae 9-3B, A. niger ATCC 9142, and Candida krusei WZ-001 phytase showed the highest activities for phytate, but they also had an activity with different ratios on other phosphorylated compounds. [1, 21, 27] On the other hand Bacillus sp. DS11 phytase had high activity for phytate, but no activity on other phosphorylated compounds. [20] These results imply that Geobacillus sp. TF16 phytase is not just specific for inositol polyphosphate but also some inorganic compounds.
Effect of pH and Temperature on the Enzyme Activity
The maximum phytase activity of Geobacillus sp. TF16 was found at pH 4.0 and approximately 70% of maximum activity was found at pH 3.0 and 5.0 ( Fig. 2a ). These results showed that Geobacillus sp. TF16 phytase was an acidic phytase, whereas phytases from several Bacillus sp. showed the maximum activity around neutral conditions (pH 6.0-8.0). [5, 20, 28, 29] Optimum pH values of some other bacterial phytases purified from K. pneumoniae 9-3B, L. sanfranciscensis CB1, E. coli, Geobacillus stearothermophilus strain DM12, Selenomonas ruminantium, and Pseudomonas sp. were found 4.0, 4.0, 4.5, 4.5, 4.0-4.5, and 5.5, respectively. [1, 22, 23, [30] [31] [32] However, fungal phytases from A. niger, Aspergillus oryzae, Emericella nidulans, and Penicillium lycii had maximum activities in the values of 2.2-5.0, 5.5, 6.5, and 5.5, respectively. [33] M 1 2 3 4 5 Optimum temperature of Geobacillus sp. TF16 phytase was determined as 85°C at pH 4.0 (Fig. 2b) . Additionally, it showed 72% relative activity at 95°C. It was higher than the reported optimum temperatures of 60°C for B. subtilis N-77, [8] 70°C for Bacillus sp. DS11, [20] 45°C for L. sanfranciscensis, [22] 50°C for G. stearothermophilus DM12, [30] 70°C for Bacillus amyloliquefaciens, [33] 55°C for E. coli, [33] 40°C for C. krusei, [33] 55°C for A. niger, [33] 70°C for A. terreus, [33] 50°C for A. oryzae, [33] 50°C for P. lycii, [33] and 50-60°C for Enterobacter sp. 4. [34] This finding is therefore crucial as 85°C is the highest optimum temperature reported until now. It is known that higher temperature optimum is important for the phytases as they are widely used to increase nutritional value for pretreatment applications of animal feeds at high temperatures (>80°C). Therefore, we propose that Geobacillus sp. TF16 phytase can be suitable and advantageous for animal husbandary and related fields. 
Enzyme kinetics
Kinetic parameters of phytase were determined at various substrate concentrations. Optimum substrate concentration was determined as approximately 2 mM from the Michaelis-Menten graphic (data not shown). K m and V max values of Geobacillus sp. TF16 phytase were calculated from the Lineweaver-Burk plot as 1.31 mM and 526.28 U/mg protein, respectively ( Fig. 3) . K m is represents the enzyme affinity for a specific substrate and this value can alter according to environmental circumstances, e.g., pH, temperature, and ionic strength. While a small K m demonstrated that the enzyme reaches saturation with a small amount of substrate, a large K m demonstrated the requirement of high substrate concentrations to reach maximum reaction velocity. [35] The K m values of phytases are reported to range from 0.08 to 10 mM. [36, 37] The K m values of phytases in the presence of sodium phytate substrate were reported to be 0.04, 0.295, 0.55, 0.1, 0.03, 0.177, and 2.19 mM in K. pneumoniae 9-3B, A. ficuum NTG-23, Bacillus sp. DS11, A. niger ATCC 9142, C. krusei, Geobacillus sp. DM12, and B. subtilis 168, respectively. [1, 18, 20, 21, 27, 30, 38] These results showed that 1.31 mM of K m for Geobacillus sp. TF16 phytase is not significantly higher than reported before. V max represents the maximum velocity of an enzymatic reactions when the binding site is saturated with substrate. [35] V max values were also reported for phytases from A. [18, 21, 30, [39] [40] [41] The findings of current study also present that V max value of purified phytase was fairly higher than other phytases determined before.
Thermal stability of phytase Figure 4a shows the activity profile of the purified enzyme incubated for different incubation periods at various temperatures. The purified phytase was almost completely stable at 4°C after 24 h. The enzyme also conserved its activity above 75% when incubating at 4, 37, and 85°C for 24 h and 50% when incubating at 4, 37, and 85°C for 48 h. The thermal stability of phytase from Geobacillus sp. TF16 was found higher than observed in phytases of Bacillus nealsonii ZJ0702 (40% at 80°C for 30 min), [5] A. ficuum NTG-23 (85% at 80°C for 60 min), [18] L. sanfranciscensis CB1 (70% at 70°C for 30 min), [22] Penicillium chrysogenum (20% at 80°C for 60 min), [42] and Aspergillus flavus ITCC 6720 (20% at 50°C for 15 min). [43] Additionally, thermal stability studies were performed for A. niger ATCC 9142 and two commercial phytases. [21] Residual activity of A. niger phytase retained 22% after 3 min incubation at 80°C, while comparative values for the commercial products were 18 and 6%. Both commercial enzymes displayed 0% residual activity after 4 min, while A. niger ATCC 9142 enzyme retained 18% activity after 4 min and 12% activity after 5 min. These results illustrated that Geobacillus sp. TF16 phytase has a stronger thermal stability than other phytases containing also its commercial types. The thermal stability of phytases is essential for animal feed preparation as these enzymes can be normally incorporated into the grains for feed pelleting by treatment for few seconds at 80-85°C. [44] Additionally, thermal stability of the enzyme at 4°C also adds further advantage for easily applicable storage conditions. The results suggest that Geobacillus sp. TF16 phytase is stable both at high and low temperatures, and this feature can make it more attractive for animal feed applications.
pH stability of phytase pH stability of the purified phytase was determined after enzyme incubation for 2-96 h at 4°C and 1-4 h at 37 and 85°C in the buffers with different pH values, 2.2, 4.0, and 6.0. Following incubation, the activity was assayed under standard reaction conditions. Figure 4b , 4c, and 4d shows that the enzyme retained about 50% of its original activity after 72 h incubation at 4°C and also protected its activity above 60% after 2 h incubation at 37°C and 4 h incubation at 85°C, at pH 2.2, 4.0, and 6.0.
The pH stability profile of B. nealsonii ZJ0702 phytase showed that enzyme lost almost complete of its original activity after 30 min incubation at pH 4.0 and 40% of its original activity after 30 min incubation at pH 6.0. [5] In the other study, it was observed that phytase enzyme from S. thermophile retained 55% of its original activity at pH 5.0 and 30% at pH 3.0 after 960 min incubation period at 60°C. [40] Regarding storage conditions, high stability of the enzyme at 4°C and different pH during extended periods appear to be important. Consequently, it can be said that Geobacillus sp. TF16 phytase is fairly stable in acidic pH at 4 and 85°C. 
Effect of some metal ions and chemicals on the enzyme activity
The effect of Na + , K + , Li + , Ca 2+ , Co 2+ , Cu 2+ , Fe 2+ , Hg 2+ , Mg 2+ , Mn 2+ , Ni 2+ , Zn 2+ , Fe 2+ , and Al 2+ on the phytase activity of Geobacillus sp. TF16 was tested at 1, 5, and 10 mM final concentrations of each ion in the reaction mixture. Cu 2+ ion at the concentration of 10 mM unexpectedly increased the enzyme activity about 4.5 times, whereas Fe 2+ , Mg 2+ , Fe 2+ , and Al 2+ ions at the same concentration slightly increased the activity at different ratios (Fig. 5a ). The phytase activity of Geobacillus sp. TF16 was also significantly increased by Ca 2+ at 1 mM (about 50%), but higher concentration (10 mM) had a slight impact on its inhibitory ability. This concludes that any metal ions used did not remarkably inhibit the phytase activity. It is known well that the metal ions can affect the enzyme either by increasing or decreasing its activity. Since metal ions can acts as Lewis acids and coordination compounds of these can have different coordination numbers and geometries, they may behave differently toward proteins as ligand. These differences may also result in metal binding to different sites, and, therefore, change the enzyme structure in different ways and affect the enzyme activity. [45] Different bacterial phytases differ in their requirement of metal ions for enzyme activity. Mullaney et al. [46] stated that all Bacillus phytases require Ca 2+ ions for both activity and thermal stability. Phytase activity from A. ficuum NRRL 3135 on the other hand is unaffected by calcium ions but inhibited by iron. [47] Another two studies showed that Mg 2+ , Mn 2+ , and Cd 2+ ions displayed a significant stimulatory effect on A. niger ATCC 9142 phytase and Ca 2+ , Mn 2+ , Zn 2+ , Cu 2+ , and Co 2+ ions and EDTA displayed a partial inhibition on Lactobacillus brevis phytase. [21, 48] Chemicals can alter the microenveriment and 3-D structure of a protein and thus can affect its activity in different ways. Studies on phytase activity also showed that activity can be affected by chemicals in different ways. The enzyme was completely inhibited in the presence of Triton X-100 and Tween 20 and slightly inhibited with EDTA. Additionally, it was shown that low concentrations of SDS stabilized the enzyme (Fig. 5b ). The presented study provides different findings than previously reported studies for other bacterial and fungal phytases. Fugthong et al. [49] reported that a non-ionic detergent, Tween 20, stabilizes Eupenicillium parvum BCC17694 phytase activity, an anionic detergent, SDS, severely inhibited it. In another study, SDS showed a strong inhibitory effect on other phytases, such as A. niger van Teighem phytase which lost 92% of its activity at 0.1% SDS. [50] In case of S. thermophile phytase, Tween-20, Tween-40, Tween-80, and Triton X-100 stabilized the enzyme activity, while the anionic detergent (SDS) severely inhibited the enzyme even the detergent was at a low concentration. [40] On the other hand, ethanol, methanol, acetone and 2-propanol were not considerably affected the activity (Fig. 5b) . This observation suggested that hydrophobic residues might not be involved in the catalytic activity of phytase as reported for the phytase of A. niger van Teighem. [50] Ethanol was also shown to inhibit the phytase activity of S. thermophile to some extent, while hexane, butanol, and acetone induced its stabilization. [40] Proteolysis resistance
Proteolysis resistance is an important characteristic for the enzymes used as feed supplement. Geobacillus sp. TF16 e phytase showed good resistance toward proteolytic enzymes at the ratio of 1:1 (protease/phytase, w/w). Approximately 80 and 60% of phytase activity remained after incubation in the protease solution for 30 and 60 min, respectively (Fig. 5c ). Trypsin resistance activity of the three commercial phytases from A. niger, A. oryzae, and E. coli was determined as 10, 84, and 79% after 20 min incubation, respectively. [18] However, E. parvum phytase was found to be sensitive to trypsin at ratio of 1:500 (tyripsin:phytase), since relative activity was less than 40%. [49] These results can, therefore, suggest that Geobacillus sp. TF16 phytase is more stable than A. niger, E. coli, and E. parvum phytases.
Dephytinization of soymilk by the phytase
The phytate of soymilk was degraded by the phytase of Geobacillus sp. TF16 at 85°C from 30 min to 4 h and inorganic phosphate liberated was then determined. Enzyme and soymilk incubated at optimal conditions and examples were taken for every 30 min until 4 h is completed. The amount of phosphate liberated was determined using standard calibration curve of K 2 HPO 4 with standard activity assay. Phytic acid concentration of soymilk which was untreated with enzyme was found 28.16 mM. Hydrolysis capacities of Geobacillus sp. TF16 phytase enzyme were 5, 8, 11, and 20% after 30 min, 1, 2, and 4 h incubation, respectively. The phytase cloning from P. chrysogenum was assayed for P i release from feed cereals. After a 3 h incubation at 37°C, 1.3-, 2.5-, and 1.2-fold increases were obtained in the release of P i from corn, soybean, and wheat, respectively. [42] Additionally, the avocado phytase hydrolyzed 35% of soymilk phytate in 4 h at 60°C, [19] while the phytase from P. chrysogenum released 2.2-fold P i from soymilk. [42] Conclusion An ideal phytase is desired to have a maximum enzyme activity and stability in high temperatures, a proteolysis resistance, also expected to be able to actively work at acidic pH levels, because it is employed as one of the additives in the diets of monogastric animals. [51, 52] This study reports a novel phytase enzyme which was purified and characterized from Geobacillus sp. The results demonstrated that the phytase from Geobacillus sp. TF16 shows optimal activity at acidic pH and broad substrate specificity for compounds containing inorganic phosphate. Purified enzyme has also the greatest optimum temperature, and stronger thermal stability than other phytases reported before. Additionally it showed resistance for some proteases and degradation effect for soymilk phytate. These unique properties can make this phytase an attractive enzyme for the feed and food processing industries when required hydrolysis of phytic acid and phytates.
